28 54 (average)t Kaplan (1957) 8-5 28 88 (best)t Czok & Bucher (1960) -25 92 * Na2HAs04 was replaced by Na2HPO4.
t Calculated from the authors' values, which were given in moles of NAD/min./mole, assuming that they used the then widely accepted molecular weight of 120 000 (Taylor, 1951; Taylor & Lowrey, 1956 ).
below. NAD (Sigma Chemical Co., St Louis, Mo., U.S.A.) was stored at -180 over CaCl2. Na2HPO4 and NaaHAsO4 (analytical reagents from British Drug Houses Ltd.) were recrystallized from boiling 5 mM-EDTA solution. Triethanolamine (laboratory reagent from British Drug Houses Ltd.) wasredistilled at0-02 mm. Hg. Themiddle fraction (b.p. 124-1260) was collected and stored in Pyrex bottles at -18°. All other reagents were analytical reagents from British Drug Houses Ltd.
METHODS
Measurement of pH. This was carried out according to BS 1647 (1950 ) and BS 2586 with a Radiometer glass electrode (type G222C). Unless otherwise stated, pH was measured at room temperature (17-21°). The glass electrode was found to be accurate at 00 by comparison with a H2/Pt electrode.
Measurement of extinctions. This was done in silica cells of 1 cm. light-path. A Hilger Uvispek spectrophotometer was used for manual estimations, and an Optica double-beam recording spectrophotometer (model CF4) for automatic measurements. Both instruments could be used with waterjacketed cell holders when a constant temperature was required.
Estimation of metal ions in aqueous solution. Total extractable metal ions were estimated by the method outlined by Sandell (1950) . The aqueous solution was adjusted to pH 7-7-7-8 with metal-free HCI or NH3 solutions. The extinction of approx. 50 ,uM-dithizone in chloroform was measured at 610 m,i. Known volumes of this solution and of the aqueous solution were shaken until the extinction of the organic phase reached a steady value, usually after 5-10 min. The fall in extinction is a measure of the metal ions extracted.
Estimation of the zinc content of glyceraldehyde phosphate dehydrogenase. Solid enzyme was heated with 0.5 ml. of conc. HNO3 in a Pyrex tube for 90 min. at 1000. At the end of this time no solid material remained. Oxides of nitrogen were removed from the solution by passing a stream of air.
The solution was diluted to 2-0 ml., and 0-1 ml. of 0-1m-Na2SO3 added to remove traces of oxidizing agents. The zinc content of the solution was then measured by a reversion technique (Irving, Risdon & Andrew, 1949; Sandell, 1950) by using a solution of dithizone in carbon tetrachloride (approx. 50,uM). The zinc solution (2-0 ml.) plus 50 mM-sodium acetate (10 ml.), which had been adjusted to pH 5-2 with 1VON-acetic acid, was shaken with the dithizone-carbon tetrachloride solution (10 ml.) for 2 min., after which the extinction of the organic phase was measured at 620 my. The separated organic phase was next shaken with 0-02N-HCI (5-0 ml.) and its new extinction measured. An extinction change of 0-068 was given by 0-01 iemole of ZnSO4 under these conditions.
Determinations of D-glyceraldehyde 3-phosphate and nicotinamide-adenine dinucleotide. These were carried out spectrophotometrically by using the irreversible reaction catalysed by glyceraldehyde phosphate dehydrogenase in the presence of Na2HAsO4: D-Glyceraldehyde 3-phosphate + NAD + H20-D-3-phosphoglyceric acid + NADH2
The assay solution contained triethanolamine (0-2M), Na2HAsO4 (12 mm) and EDTA (0-2 mm) adjusted to pH 8-7 with 1ON-HCI.
(a) Assay of NAD. Solutions were diluted to approx. 0-5 mM. Assay solution (2-0 ml.), 10 mM-D-glyceraldehyde 3-phosphate (0-2 ml.) and the NAD solution (0-5 ml.) were mixed in a silica cell. A blank cell contained everything but NAD. After measurement of the extinction at 340 m,u enzyme solution (approx. 0-1 mg. in 0-1 ml.) was added to each cell. Reaction is complete in about 2 min. The molar extinction coefficient of NADH2 was taken as 6-22 x 103 (Horecker & Kornberg, 1948) .
The bound-NAD content of glyceraldehyde phosphate dehydrogenase was estimated after first digesting the enzyme with pepsin at pH 2. Controls with known amounts of NAD showed that the pepsin treatment did not destroy NAD.
(b) Assay of D-glyceraldehyde 3-phosphate. The same procedure as in (a) was followed except that NAD replaced D-glyceraldehyde 3-phosphate and vice versa.
Preparation of enzyme solutions. Suspensions of the enzyme in (NH4)2SO4 were centrifuged for 10-30 min. at 100 000g, and the packed solid was dissolved at 0-3°in 5 mM-EDTA that had been adjusted to pH 7-5 with 0-1 N-NH3. The solution was dialysed at 0-3°against the same EDTA solution to remove (NH4)2SO4. When solutions required dilution, the same EDTA solution was used. Freezing and thawing of solutions was avoided since this may cause loss of activity.
Determination of protein concentrations. This was done (a)
absorptiometrically at 276 mie against a blank containing everything but protein (EDTA absorbs in this region), or (b) by the biuret method of Layne (1957) . Extinction coefficients and the constant for the biuret method (see Table  2 ) were calculated from the dry weight of protein solutions, a correction being applied for EDTA content. Determination of dry weights. This was done after solutions had been heated to constant weight at 105°. Each solution was contained in a weighing bottle with the stopper placed loosely on top to allow steam to escape.
Measurement of enzymic activity. The method of Koeppe, Boyer & Stulberg (1956) was used with a recording spectrophotometer. Triethanolamine was used as the buffer instead of pyrophosphate because Beisenherz et al. (1953) found higher activity in the former, a finding corroborated in this Laboratory.
The assay solution contained triethanolamine (40 mM), Na2HPO4 (50 mM) and EDTA (0-2 mm). The spectrophotometer cell contained assay solution (2-0 ml.), stock 10 mm-D-glyceraldehyde 3-phosphate solution (0-2 ml.) and stock 10 mM-NAD solution (0-2 ml.), the pH of the mixture being 8-9. Enzyme solution (approx. 1 ,ug. in 0-1 ml.) was added to the cell by means ofan 'adder-mixer' (Koeppe et al. 1956 ). When the enzyme solution was at room temperature, the cell contents were previously equilibrated at 25-35±0-010. The temperature immediately after the addition of enzyme was then 25-0 ±0.10. If the enzyme solution was at 0-5°the cell contents were equilibrated at 25-65±0-010 with the same result. The blank cell contained water. The plot of E340 against time was a straight line for the first 0-2 rise in extinction (about 30 sec. under these conditions).
The specific activities (units/mg.) (Cori, Slein & Cori, 1948) , and 8 is the concentration of NAD or D-glyceraldehyde 3-phosphate in the cell, i.e. 0-80 mm. The specific activity is thus given by 1 llv units/mg. Cleaning of glassware. In certain experiments glassware was cleaned with ethanolic KOH for 5 min. and rinsed with tap water. This was followed by conc. HNO3 to which a little ethanol (2 or 3 drops/100 ml.) had been added with good stirring in a fume cupboard. The glassware was finally rinsed at least six times with distilled water.
Dichlorodimethylsilane treatment of glassware. This gives a durable water-repellent surface on clean dry glassware. Contact with a 1 % (v/v) solution in chloroform for 5 min. is all that is required, after which the solution is poured out and the glassware dried with a flow of air and well rinsed with distilled water. The surface needs to be renewed only infrequently and can be removed by ethanolic KOH but not by cold conc. HNO3-ethanol (see above). The volumes delivered by micropipettes and the extinction of silica cells were unaffected by the treatment.
Isolation of glyceraldehyde phosphate dehydrogenase from rabbit muscle. All operations were carried out at 0-5°.
(1) Extraction. White skeletal muscle (500-700 g.) from the back and legs of a rabbit was minced, and stirred for 20 min. with 360 ml. of 50 mM-EDTA adjusted to pH 8-4 with 35% (w/w) NH3 solution (analytical reagent from British Drug Houses Ltd.). The muscle debris was separated by centrifugation at lOOOg for 20 min. Extraction was repeated twice more, 180 ml. of the EDTA solution being used each time. The pH of the combined extracts was 7.1 +0-1 (at 00). Solid (NH4)2SO4 (dried over CaCl2) was added in three stages, 300 g./l. of extract at the first, 117 g./l. of solution remaining at the second, and 13 g./l. of solution remaining at the third. Frothing inevitably accompanied each addition, but this was kept to a minimum and the foam was removed from the surface with a Pasteur pipette attached to a water pump. The solution was maintained at pH 7-3-7-6 (at 00) by the occasional addition of 35 % (w/w) NH3 solution. After each of the first two additions the inactive precipitate was removed within 2 hr. by centrifugation at 40 OOOg in a Spinco model L centrifuge. After the third addition of (NH4)2S04, the enzyme was precipitated overnight at -3°to -5°-[In some cases a further 13 g. of (NH4)2SO4 was needed to induce precipitation.]
Suspensions of the pale-red precipitate shimmered when swirled, but no well-defined crystalline shapes could be recognized under the microscope. The specific activity of this material was usually between 120 and 140 units/mg.
(2) Refractionation. The packed solid was dissolved in a minimum of 5 mM-EDTA and adjusted to pH 7-6 with aq. NH3. After dialysis against the same EDTA solution, 0 39 g. of solid (NH4)2SO4 (recrystallized from boiling 5 mM-EDTA that had been made alkaline with aq. NH3) was added/ml. ofsolution. The enzyme was precipitated as a gel, and was centrifuged after 1 hr. at 100 OOOg for 30 min. in a Spinco model L centrifuge. The packed solid was again dissolved in a minimum of EDTA solution and dialysed against the same. Solid (NH4)2SO4 was added to the solution (0-20 g./ml.) and any precipitate was removed by centrifugation after 1 hr. and discarded. A further 0-15 g. of (NH4)2SO4/ml. was added, and the precipitated gel of enzyme was centrifuged, as above, after 1 hr.
During refractionation the red colour of the crude material was removed. A small absorption peak at 420 mit which was present from the spectrum of the crude material was absent from that of refractionated enzyme. The solubility of the material in conc. (NH4)2S04 solutions decreased with each refractionation. The mean specific activity of 11 preparations made by this method was 164 units/mg. ( Table 2) . Moist precipitates or suspensions of the enzyme in saturated (NH4)2SO4 lost activity slowly, at a rate of about 10 units/mg./month at 0-3'. Concentrated solutions (50-100 mg./ml.) lost approx. 8 units/mg./week at 0-3°, and dilute solutions (10-50 ,ug./ml.) lost approx. 2-5 units/mg./hr.
at room temperature and approx. 1 unit/mg./hr. at 0-3°.
Freeze-drying always resulted in a partial loss of activity.
RESULTS
Investigations on the measurement of enzymic activity. These were made with the sample ofenzyme from Boehringer und Soehne G.m.b.H. Its specific activity was 90 units/mg. shortly after it was purchased, but the value decreased with storage at 0-3°. The addition of cysteine did not affect the specific activity: in fact no case of activation by cysteine was found throughout this work, except when assay solutions were contaminated by heavymetal salts. Only traces of heavy-metal salts are needed to cause inactivation at the very low concentration of enzyme employed in the assay procedure (about 1 ,ug./ml. or 0-01 /tM). In one instance the use of triethanolamine that had been stored for 1 month at -18°in a brown-glass bottle was sufficient to give low specific activities. The addition of cysteine, or the use of freshly distilled triethanolamine, restored full activity.
The thiol groups of glyceraldehyde phosphate dehydrogenase are involved in the enzymic activity, and it is almost certainly these groups that react with traces of heavy-metal ions (Barron, 1951; Velick, 1953; Koeppe et al. 1956 ). Since it was hoped that the present studies would lead to the measurement of correlations between activity and thiol-group content, the presence of cysteine was Table 2 . Properties of glyceraldehyde phosphate dehydrogenase isolated as described in the Methods section Eleven preparations (nos. 6-16) were made by this method and the data represent the means ±S.D. for all preparations (numbers given in parentheses) on which measurements were made. Details are given in the text. The biuret constant is the value of E550 given by 1 mg. of enzyme in the biuret method of Layne (1957 Conc. hydrochloric acid, however, readily picks up heavy-metal salts even from Pyrex bottles and was not kept for more than 1 month. In spite of such precautions, when the specific activity of a solution of the enzyme was measured on five successive occasions within 2 hr., the average value was 36-8 ± 3-7 units/mg., a precision of only ± 10 %. A series of assays was therefore carried out with apparatus freshly cleaned as described in the Methods section, with rinsing between assays with distilled water. The same enzyme solution (4 mg./ ml.; stored at 0-3°) was diluted 100-fold for each assay and kept at 0-3°for decreasing lengths of time before assay. It appeared that the longer the diluted solution had stood the lower was its specific activity (Expt. 1 in Table 3 ). When, however, the glassware was again cleaned as described in the Methods section and the assays were repeated (Expt. 2 in Table 3 ), this time allowing the dilute enzyme solution to stand for increasing lengths of time, the reverse effect was observed. Thus the first measured specific activity was in each case the lowest, but activities increased until the third or fourth assay and then remained constant. How long the solution had stood made very little difference. It would appear that the value obtained with freshly cleaned apparatus was low because of the adsorption of protein on to the glass surfaces. Once a layer of protein had been established, the value would remain constant so long as the layer remained intact. The 10 ml. volumetric flask used for dilution was left full of enzyme solution (4 mg./ ml.) overnight, and next morning was emptied and rinsed before use. The value of specific activity then obtained was 42-3 + 0-5 units/mg. (three assays) measured 4 min. after dilution. When all the glassware had been cleaned and treated with dichlorodimethylsilane, even higher specific activities were obtained. The same sample of enzyme now gave a specific activity of 43-2 ± 0-6 units/mg. (ten assays),
i.e. a precision of + 2 %.
The temperature coefficient of the enzymic reaction was 2-2 between 250 and 35°. Specific activities measured in an atmosphere of oxygenfree nitrogen after diluting the stock enzyme solution with de-aerated diluent were the same as those measured in air.
Abnormally high values of specific activity could be obtained if the enzyme solution (1-4 mg./ml.) was diluted 100-fold at 0-3°and assayed within 2-3 min. The enzyme solution (0-1 ml.) was pipetted into a 10 ml. volumetric flask containing approx. 9 ml. of diluent and made up to the mark. Mixing was effected by inversion of the flask several times. Although this method gave rapid mixing in dye tests, it was thought that cold protein solutions might not be mixed as rapidly. When, however, dilution was carried out by adding 0-1 ml. to 10 ml. of diluent in a beaker, with good stirring, the same phenomenon was observed (Fig. 1) . The early values were always high and never low, which seems to rule out a random mixing error. Dilution with deoxygenated diluent made no appreciable difference to the result. Glassware that had been treated with dichlorodimethylsilane was used in these experiments and, although it was not wetted by water or salt solutions, protein solutions were able to wet it slightly as shown by their curved menisci. It was thought that perhaps protein could still be adsorbed slowly by the treated surface. An adsorption effect seems to be ruled out, though, by the following experiments, which are discussed below. (a) A second 0-1 ml. sample of concentrated enzyme solution was added to 10-1 ml. of diluted enzyme at 0-3°after the steady value of specific activity had been attained, i.e. after about 10 min.; this was left for a further 10 min. The new total activity in solution was exactly twice the original steady value. (b) After diluted enzyme solution had stood for 10 min. at 0-3°, it was rapidly and completely tipped out of the beaker and replaced by 10 ml. of diluent. No activity could be detected in this solution, even after standing for 20-30 min. with good stirring. It was possible to tip the solution out of the beaker almost quantitatively because (1959) reported that the concentration of disodium hydrogen phosphate had a marked effect on the enzymic activity, which was maximal at approx. 50 mM-disodium hydrogen phosphate and fell sharply at higher concentrations. This finding is corroborated and a similar effect has been observed with disodium hydrogen arsenate, which gives slightly lower activities than the phosphate at equivalent concentrations above 1 0 mm (Fig. 2) Fig. 1 . Fall in specific activity of glyceraldehyde phosphate dehydrogenase after l00-fold dilution of a 4 mg./ml. solution with 5 mM-EDTA, pH 7-2, at 00: *, in a 10 ml. volumetric flask; *, in a beaker with good stirring. Details are given in the text. few moments in solution (4 mg./ml.) with in one case 16 mM-magnesium sulphate and in the other case 16 mm-zinc sulphate. Magnesium sulphate had no effect on the activity whereas zinc sulphate abolished it completely.
Propertie8 of the enzyme isolated as8 described in the Methods 8ection. Since the glyceraldehyde 3-phosphate solution used to assay the enzymic activity contains appreciable amounts of ethanol (from hydrolysis of the diethylacetal), the enzyme was tested for alcohol-dehydrogenase activity. When the 10 mM-D-glyceraldehyde 3-phosphate solution was replaced by 01 M-ethanol in the assay procedure no activity was detectable.
The E276/E2,60 ratio for the enzyme (see Table 2 ). This, coupled with the fact that the (0) or Na2HAsOj (0) on the specific activity of glyceraldehyde phosphate dehydrogenase. Details are given in the text. Table 2 is somewhat lower than previously reported values (Cori et al. 1948; Velick, Hayes & Harting, 1953; Dandliker & Fox, 1955; Koeppe et al. 1956 ), indicates that material prepared as above is deficient in bound NAD. In fact preparations 14, 15 and 16 contained 0 4, 1 1 and 0-8 moles of NAD/ mole respectively. A portion of preparation 16 was refractionated under the usual conditions (see the Methods section) except that 14 moles of NAD/ mole of enzyme were added to the solution. After dialysing the resultant material (preparation 16A) and treating with pepsin, 3 93 moles of bound NAD/mole were found to be present. A second portion was refractionated at pH 8-3 instead of pH 7-6, with 14 moles of NAD/mole, and this material (preparation 16B) contained 4 03 moles of bound NAD/mole. The E276/E260 values for preparations 16, 16A and 16B were 1-24, 1-09 and 1-09 respectively, and the extinction coefficients were 0-929, 1-023 and 1P016 l./g. respectively. The specific activities of preparations 16A and 16 B were 157 and 159 units/mg., compared with 163 units/mg. for preparation 16.
DISCUSSION
The present work on glyceraldehyde phosphate dehydrogenase has confirmed the need for care in avoiding inactivation by heavy-metal salts, even when EDTA is present. The choice of buffer, and the concentration of disodium hydrogen phosphate or disodium hydrogen arsenate used in the assay procedure, also have critical effects on the measured specific activity. Another factor of importance is the nature of the surfaces with which dilute solutions of the enzyme come into contact.
Adsorption on to acid-washed glass surfaces, even after extensive rinsing with water, can lead to up to 30 % loss of activity from a dilute (10-40,ug./ ml.) solution. Equilibration of the glass surfaces with enzyme solutions does not entirely obviate the losses, as shown by the fact that treatment of the surfaces with dichlorodimethylsilane gives higher specific activities than the highest found without such treatment.
A glyceraldehyde phosphate-dehydrogenase solution has a curved meniscus when contained in a treated glass vessel, whereas water or a salt solution has a flat meniscus. This fact, together with the observation that the activity of a dilute enzyme solution falls rapidly during the first few minutes after dilution at 0-3°, might be interpreted as evidence for adsorption of the enzyme, even by treated glassware. This, however, is probably not the case. Extrapolation of the activity of a diluted solution to zero time (see Fig. 1 ) indicates that the activity falls by roughly half during the first few minutes at 0-3°. If this were due to the slow adsorption of about 50 % of the enzyme on the walls of the vessel the process could be either irreversible or reversible. If irreversible, the steady state would be reached when the surfaces were saturated with enzyme. The addition of a second sample of enzyme should cause the activity in solution to be roughly trebled, because none of this second sample would be adsorbed. The activity was found to be only doubled, which rules out irreversible adsorption. The same argument applies to reversible adsorption with saturation of the surfaces in the steady state. If there were reversible adsorption without saturation of the available surface, the rates of adsorption and desorption would be equal at equilibrium. But this rate is relatively slow, as shown by the fact that about 5 min. is required to establish equilibrium. By tipping out the enzyme solution rapidly, at least some of the activity should be left behind to set up a new equilibrium with buffer solution added immediately. The fact that no activity was found in the buffer solution seems to rule out adsorption as the cause of the initial fall in activity. Oxidation of the enzyme during dilution cannot be responsible, because the use of deoxygenated diluent gave the same steady value after 5 min. as oxygenated diluent. From the present evidence it appears that the specific activity of glyceraldehyde phosphate dehydrogenase in solutions containing 1-4 mg./ml. is roughly twice as great as in solutions containing 10-40,ug./ml. Unfortunately it is impossible to measure the specific activity of a 1-4 mg./ml. solution with the methods available, because the rate of reaction would be too great. The initial loss of activity may possibly be due to a molecular rearrangement or dissociation accompanying dilution, such as has been found for glutamate dehydrogenase (Frieden, 1959a (Frieden, , b, 1963 . Vallee, Hoch, Adelstein & Wacker (1956) reported approx. 1-7 g.atoms of zinc/mole of rabbitmuscle glyceraldehyde phosphate dehydrogenase and, since their enzyme was inactivated by chelating agents, they assumed that it required zinc for activity. They also found smaller quantities of zinc in the similar enzyme isolated from yeast, but Stockell (1959a, b) The recommended method of isolation relies on speed of operation and the use of a lower pH than has been usual in the past. This combination assures a reproducibly high yield of active material by avoiding the formation of mixed crystals. It is difficult to test the homogeneity of the product by the variable solvent-solubility test because, to obtain precise results, long equilibration times ought to be allowed. This, however, favours the formation of mixed crystals and renders the test meaningless (Smithies, 1954) For some years bound-NAD contents of between 2*4 and 3-6 moles/mole have been reported Racker et al. 1959) . Activated charcoal removes this bound NAD (Cori, Velick & Cori, 1950; ) and the resulting apoenzyme is able to bind approx. 1 more mole of NAD/mole than the original enzyme. Pfleiderer & Stock (1962) have shown that the enzyme isolated by the method of Krimsky & Racker (1952) contains about 2 moles of NAD/mole, and also 1 mole of NADH-X/mole, NADH-X being a substance resembling the acid decomposition product of NADH2 (Rafter, Chaykin & Krebs, 1954; Meinhart & Chaykin, 1955) . It would appear that charcoal treatment removes both NAD and NADH-X and frees all the binding sites for NAD, but the use of charcoal requires great care if inactivation is to be avoided.
The samples of glyceraldehyde phosphate dehydrogenase prepared in the present work certainly contain less than 1 mole of NAD/mole and may contain some NADH-X, but precipitation with ammonium sulphate in the presence of a 14-fold molar excess of NAD gives a product with the full complement of bound NAD (3.9-4.0 moles/ mole) and this is a convenient way of preparing the enzyme-coenzyme complex. SUMMARY 1. Some factors that affect the specific activity of glyceraldehyde phosphate dehydrogenase were investigated. Traces of heavy-metal salts, even in the presence of EDTA, decrease the activity. The concentration of phosphate or arsenate has a critical effect on the activity, which is maximal in 20 mM-phosphate or 40 mM-arsenate. Glassware that has been treated with dichlorodimethylsilane gives higher and more reproducible values for specific activity than untreated glassware.
2. Abnormally high activities can be detected in dilute solutions of the enzyme (approx. lOug./ml.) during the first few minutes after dilution at 0-3o.
The activity falls rapidly to the 'normal' value, and the phenomenon does not appear to be due to adsorption on to the surfaces of the containing vessels, nor to oxidation during dilution. It may be due to a molecular rearrangement accompanying dilution.
3. Only traces of zinc could be detected in active samples of the enzyme, and the enzymic activity was rapidly abolished by 16 mM-zinc sulphate, although not by 16 mM-magnesium sulphate.
4. The isolation of highly active glyceraldehyde phosphate dehydrogenase from rabbit-muscle extracts was made difficult by the tendency of the enzyme to form mixed crystals. A method is described which avoids this difficulty and gives good yields (1-2 g./kg. of muscle) of material of specific activity 164 + 10 units/mg. at 250.
5. The enzyme isolated in this way contains less bound NAD (less than 1 mole/mole) than that of previous workers (2-4-3-6 moles/mole), but precipitation with ammonium sulphate in the presence of an excess of NAD yields a product containing 3-9-4-0 moles of bound NAD/mole.
Transport and Metabolism of Butyrate by Isolated
Rumen Epithelium The absorption of volatile fatty acids from the rumen has been followed by their disappearance from the rumen contents (Danielli, Hitchcock, Marshall & Phillipson, 1946) and their appearance in the venous blood draining the organ (Barcroft, McAnally & Phillipson, 1944; Masson & Phillipson, 1951) . For butyrate the concentration found in portal blood is less than that expected in terms of its disappearance from the rumen (Masson & Phillipson, 1951; Kiddle, Marshall & Phillipson, 1951) , and this has led to the observation that butyrate is metabolized to ketone bodies by the rumen epithelium (Pennington, 1952) . Subsequent measurements have shown that acetoacetate and fihydroxybutyrate appear in the portal circulation soon after the addition of butyrate to the rumen (Annison, Hill & Lewis, 1957; Brown, Davis, Staubus & Nelson, 1960; Rook, Balch, Campling & Fisher, 1963) .
In the present work the transport of butyrate and its concurrent metabolism to ketone bodies has been followed in a simple system in vitro by the use of sheets of isolated rumen epithelium that have been mounted as diaphragms.
EXPERIMENTAL

Material8
Carbon tetrachloride (A.R.; May and Baker Ltd.) and 2,4-dinitrophenylhydrazine (A.R.; British Drug Houses Ltd.) used in the ketone analysis were purified as described by Hird & Weidemann (1964) . Butyric acid and sodium DL-p-hydroxybutyrate were purchased from L. Light and Co. Ltd.
Acetoacetic acid was prepared by the method of Krueger (1952) from freshly distilled ethyl acetoacetate (British Drug Houses Ltd.). Owing to spontaneous decarboxylation of acetoacetate, solutions of this compound free of acetone are difficult to prepare. At the time of the experiments, acetone represented approx. 25 % of the total ketone bodies present in the solutions used.
Methods
Total ketone bodies and the percentage in the reduced form were estimated by the method described by Hird & Symons (1959) and further modified by Hird & Weidemann (1964) . Butyrate was estimated by the method described by Pennington (1952) .
Experimental procedure. Except in two experiments where laboratory-killed animals were used, rumen tissue
